Abstract The prevalence of bovine Sarcocystosis is high in the most regions of the world. It can be a human health problem due to consumption of raw or under cooked hamburgers or other bovine meat products. This study was carried out to investigate the prevalence and species identification of Sarcocystis among of hamburgers, using PCR-RFLP methods in Kashan, central Iran. Overall 200 raw industrial hamburgers samples with at least 60% meat were randomly collected from nine different brands in Kashan, central Iran. The genomic DNA was extracted and a PCR-RFLP method was used to amplify an approximately 900 bp fragment at the 18S rRNA(SSU) gene, restriction enzyme BclI was used for species identification. The results showed that 58 (29%) of 200 tested hamburger samples were infected to Sarcocystis spp. The prevalence rate was 31.25 and 26.9% in the hamburgers with 90 and 60-75% meat, respectively. According to PCR-RFLP analysis, 43 (74.1%) of the 58 isolates were Sarcocystis cruzi, 12 (20.7%) showed co-infection to S. cruzi and Sarcocystis hirsuta, 2 (3.5%) was mixed infected to S. cruzi and Sarcocystis hominis, 1 (1.7%) showed the pattern of mix infection to three species. This study revealed onethird of industrial hamburger were infected to S. cruzi or mixed infection of S. cruzi with other bovine sarcocytosis.
Introduction
Sarcocystis species are obligated intracellular protozoan parasites that infect human and a wide range of domestic and wild animals. This parasite has two hosts in life cycle consist of a definitive and some or an intermediate host (Singla and Juyal 2014) . The definitive host is usually a predator (man and carnivorous animals) and the intermediate host its respective prey or herbivorous animals (Dubey 2015) . The sexual and asexual stages of life cycle occurs in carnivore final hosts and herbivore intermediate hosts, respectively. A final host become infected by consumption meat of intermediate host containing encysted stage (sarcocyst) and oocysts are expelled in the feces of final hosts. Intermediate host can infected through ingestion of environmentally resistant parasite oocysts. After several developmental stages, sarcocysts are formed in skeletal and cardiac muscles of intermediate host (Bucca et al. 2011; Fayer et al. 2015) . Although most livestock are intermediate hosts for more than one species of Sarcocystis but species of this parasite usually infects only one species of intermediate and final host (Dubey 2015) . Nowadays 200 species of Sarcocystis are recognized, however the number of Sarcocystis species has continuously increased & H. Hooshyar hooshyar4@yahoo.com . Sarcocystosis with its significant economic, medical and veterinary impact is an important public health problem in many countries (Daryani et al. 2006) . Symptoms of human intestinal sarcocystosis included abdominal discomfort, nausea, stomach ache, loose stool or diarrhea (Singla and Juyal 2014) . Infection with some Sarcocystis spp. in animal can result in loss of weight, anemia, abortion and death in very heavy infection (Fayer 2014) . At least three species of Sarcocystis are known to infect cattle as the intermediate host, namely Sarcocystis cruzi, Sarcocystis hirsuta and Sarcocystis hominis which canids, felids and humans are the final hosts of them, respectively (Tenter 1995; Fayer et al. 2015) . Recently, two new species were identified in cattle and named S. rommeli and S. heydorni. Human is the definitive host for S. heydorni, but for S. rommeli the definitive host is still unknown (Dubey et al. , 2016 . These two species can be distinguished from others using transmission electron microscopic for structures of cyst walls.
Humans afford intestinal sarcocystosis from eating undercooked or raw beef or pork infected to S. hominis or S. suihominis, respectively. It has been well established that a considerable rate of the cattle populations are infected to Sarcocystis sp in many regions of the world. The prevalence of bovine sarcocystosis is more than 90% in most regions of the world (Vangeel et al. 2007; Obijiaku et al. 2013; Meistro et al. 2015; Nourollahi-Fard et al. 2015) . Several investigations have indicated that the infection rate of sarcocystosis in slaughtered animals has been ranged between 3.5% up to 100% throughout the Iran using different methods (Daryani et al. 2006; Nourollahi Fard et al. 2009; Nourollahi-Fard et al. 2015) .
Some histological and molecular study showed that a relatively high prevalence of S. hominis in cattle (Fayer 2014; Vangeel et al. 2007; Obijiaku et al. 2013; Meistro et al. 2015) Since the rate of Sarcocystis infection is high in cattle tissues, it can be a human health problem in regions that consumption of raw or under cooked hamburgers or other bovine meat product is common. Hamburger as a popular type of fast foods is produced and consumed in Iran and all over the world so that in USA about 5 billion hamburgers are consumed annually. Hamburger in Iran, is mainly formed of raw beef meat (Hajimohammadi et al. 2014a; Prayson et al. 2008) . The purpose of this study was to investigate the prevalence and identification of species of Sarcocystis among of fast food hamburgers, using PCR-RFLP methods in Kashan, central Iran.
Materials and methods

Sample collection
This cross-sectional study was carried out from March 2015 to April 2016 in Kashan, central Iran. Overall 200 raw industrial hamburgers samples with at least 60% meat were randomly collected from 9 different brands in Kashan central Iran. The weight of each sample, the name of brand, product and expiration date, percentage of meat content in the hamburgers were recorded. A 15 g of each hamburger sample was selected, squashed and mixed well and then stored in -20°C until DNA extraction.
DNA extraction
The genomic DNA extraction was carried out from 10 to 50 mg of each sample using DNP TM kit (Cinnagen, Iran), according to the instructions of the manufacturer protocol. The extracted DNA was stored at -20°C for PCR amplification.
PCR amplification
A fragment of the 18S rRNA(SSU) gene was amplified by a single PCR using the forward primer sarF 5 0 -CGT GGT AAT TCT ATG GCT AAT ACA-3 0 and reverse sarR 5 0 -TTT ATG GTT AAG ACT ACG ACG GTA-3 0 based on the study of Yang et al. (2002) . This primer combination is specific for Sarcocystis genus and does not amplify other and host DNA as described before (Hajimohammadi et al. 2014a, b) . The amplified fragment size was approximately 900 bp (922, 953 and 961 bp for S. hominis, S. hirsuta and S. cruzi, respectively).
DNA amplification was achieved in a total volume of 20 lL. The PCR reaction mixture comprised of (final concentration) 10 mM Tris-HCl (pH = 8.9) (final concentration), 50 mM KCl, 1.5 mM MgCl 2 , 200 nM each of deoxynucleotide triphosphate (dNTP), 20 pmol each of primers and 0.25 lL of Taq DNA polymerase (Pishgam, Iran). Then 1-3 lL of DNA, depending on DNA concentration was added to the PCR reaction mixture and amplified in an automated PCR machine (Flexcycler 2, Germany).
The PCR was performed under the following conditions: an initial denaturation step at 94°C for 5 min and 35 cycles at 94°C for 45 s (denaturation), 57.5°C for 45 s (annealing), 72°C for 60 s (extension) with a final extension step for 5 min at 72°C. Distilled water used as a negative control. Five lL of each PCR products were separated by electrophoresis on 1% agarose gel, stained by ethidium bromide and then visualized under ultraviolet light to evaluate success of the reaction.
Restriction fragment length polymorphism (RFLP)
PCR products were digested with the restriction endonucleases BclI (Fermentas, Lithuania) to distinguish between species. Based on the databases, specific fragment sizes of RFLP digestion with this enzyme results in 358 and 595 bp for S. hirsuta and 782 and 140 bp for S. homins. S. cruzi remains uncut with BclI enzyme. RFLP analysis was carried out directly on PCR products in a 15 lL reaction volume, including: 8 lL of PCR product was added to 1X reaction buffer and 1 lL (10 U/lL) BclI and 5 lL distilled water. Digestion mixture took place at 55°C for 3 h. The restricted fragments were separated and visualized by electrophoresis on 2% high resolution grade agarose gel, stained with ethidium bromide and visualized under ultraviolet light. A 100 bp DNA ladder (Yektatajhiz, Iran) was used as a size marker.
Statistical analysis
The statistical significance among prevalence of Sarcocystis from hamburger samples was determined using Chi square test (SPSS-16 software; Chicago, IL, USA). The p \ 0.05 level were considered for statistical analysis.
Results
Out of 200 hamburger samples examined, 58 (29%) (CI 22.7-35.2%) were infected by at least one Sarcocystis species and showed approximately a 900 bp fragment (Fig. 1) . However, no macroscopic Sarcocystis were found in any of the hamburger samples.
The positivity rate was 31.25% (30/96 cases) in the hamburgers with meat 90 and 26.9% (28/104 cases) in the hamburgers with 60-75% meat. No significant difference was found between the infection rate of industrial hamburgers and the percentage of meat content (p [ 0.05).
According to PCR-RFLP analysis of the species identification of Sarcocystis, the digested 900 bp amplified fragments using BclI revealed that 43 (74.1%) of the 58 isolates were S. cruzi, 12 (20.7%) showed co-infection to S. cruzi and S. hirsuta, 2 (3.5%) was mixed infected to S. cruzi and S. hominis, 1 (1.7%) showed the pattern of mix infection to three species (Fig. 2) . The occurrence of more than one species infection in the hamburgers was 25.9%.
Discussion
Although only S. hominis from beef and S. suihominis from pork, are known to infect humans as definitive hosts, due to this fact that consumption of pork is forbidden in Islamic countries, The only source of intestinal human sarcocystosis in Iran is ingestion of under cooked or raw bovine meat products containing mature cysts of S. hominis.
The results of our study revealed that 29% of industrial hamburgers prepared for sale in Kashan, central Iran are infected at least with one species of Sarcocystis using PCR method. However, another similar study, using other methods such as digestion method, showed an infection rate of 56.0% of Sarcocystis infection in hamburgers, 20% of hot dogs and 8% for sausage in Ahvaz, southern Iran (Rahdar and Salehi 2011) . Nematollahi et al. (2015) reported that the prevalence rate of Sarcocystis spp in both traditional and industrial hamburger of Tabriz, northwest of Iran, was 56.25%, using both impression smear and digestion methods (Nematollahi et al. 2015) . However, Jahed-Khaniki and Kia (2006) reported only 6.25% infection from meat supplied for hamburger in Iran by histopathologic method (Jahed-Khaniki and Kia 2006). Prayson et al. (2008) reported that two out of eight (25%) of hamburgers were infected with Sarcocystis spp using histopathologic method (Prayson et al. 2008) . It seems this difference in prevalence is related to methods of studies. The most sensitive method to detect light Sarcocystis infection in meat is digestion of host tissues (Dubey et al. 1989) , while in histology and molecular methods, only a small pace (10-50 mg) or a thin section used for examination, which may not contain any infection.
There are only a few reports on the prevalence and species identification of Sarcocystis in humbargers using molecular methods. Hajimohammadi et al. (2014c) reported among 25 commercial hamburger samples, 17 (68%) samples were infected to Sarcocystis spp in Yazd province, central Iran using PCR-RFLP methods. (Hajimohammadi et al. 2014c) . A similar previous study in Yazd Previnous showed that (87%) of the traditional and (67.8%) industrial hamburger were infected to Sarcocystis sp. (Hajimohammadi et al. 2014a ). This inconvenience with our results could be due to using different brands and difference in studies regions.
In this study, species identification of Sarcocystis by PCR-RFLP analysis showed that the prevalence rate of S. cruzi, (74.1%), in the industrial hamburgers was higher than other species or mixed infection and S. cruzi was predominant species. This finding is agreement with most of the previous studies. Hajimohammadi et al. (2014a) reported that among 190 hamburger samples in Yazd province, central Iran, 39 and 67.8%, of the traditional and industrial hamburgers were infected to S. cruzi, respectively (Hajimohammadi et al. 2014a) . In a recent study, molecular differentiation of bovine Sarcocystis using PCR-RFLP in tissue samples were obtained from diaphragmatic muscle of 101 cattle slaughtered in Shiraz, Fars Province, Iran showed that 98.9% of positive samples were infected with S. cruzi (Akhlaghi et al. 2016) . There are many data on prevalence of Sarcocystis spp., that reported high occurrence of S. cruzi in cattle slaughtered in Iran and various areas of the world (Nourollahi Fard et al. 2009; Nourani et al. 2010; Bucca et al. 2011; Latif et al. 2013; Meistro et al. 2015; Akhlaghi et al. 2016) .
These data point out that the environment is heavily contaminated with sporocyst of S. cruzi disposal of dogs as the definitive host. These sporocysts are infectious for cattle as susceptible intermediate host. Some studies confirm that the prevalence of intestinal Sarcocystis in stray and domestic dogs in most localities worldwide is high (Arbabi et al. 2001; Beiromvand et al. 2013; Traub et al. 2014) . For example Traub et al. (2014) evaluated the prevalence of gastrointestinal parasites of 411 stray and refuge dogs in four locations in India in 2014 and reported that 44.2% of dogs were infected with Sarcocystis sp.
According to the results of the study, the macroscopic infection to Sarcocystis was not seen in hamburgers and it is agreement with low prevalence of S. hirsuta in this study. This may be due to the fact that macroscopic infection may be eliminated in meat investigation during official inspection in the factory or slaughterhouses. In this study only three cases of infection to S. hominis or mix infection of S. hominis and other species were seen. This findings have also been observed in most of previous studies on human and cattle in Iran. Human intestinal Sarcocytosis is not a common disease in humans in Iran and reported as cases (Rezaian and Ghorbani 1985; Hooshyar and Rezaian 1994) . Molecular identification of S. hominis in native cattle of Iran reported as case report by Hajimohammadi et al. (2014b) and Akhlaghi et al. (2016) .
The first case identification of S. hominis in hamburgers in Iran was reported by Moghaddam Ahmadi et al. (2015) . However, a pervious study on industrial and traditional raw hamburgers in Yazd, Iran showed that a high prevalence of infection to S. hominis (Hajimohammadi et al. 2014a ). This rate of infection in such meat hamburgers in Iran is surprising and also questionable. Due to low incidence of S. hominis in human and native cattle in Iran. This may be related to the imported beef from other countries for production of hamburgers and other bovine meat products.
It is concluded that this study revealed one-third of industrial hamburgers were infected to S. cruzi or mixed infection of S. cruzi with other bovine Sarcocystis. To prevent infection of cattle, the possible ingestion of the disposal sporocyst stage from dogs must be eliminated. Dogs should be kept away from grazing cattle with some techniques such as fencing. These measures will prevent contamination of water, feed, and bedding with sporocyst stage of Sarcocystis.
Although in this study, the prevalence rate of S. hominis was low and cannot be considered as a major zoonosis, it should be strongly recommended avoiding eating raw or under-cooked hamburger and other bovine meat products to prevent human infection.
